Brønsted analysis reveals Lys218 as the carboxylase active site base that deprotonates vitamin K hydroquinone to initiate vitamin K-dependent protein carboxylation.
The vitamin K-dependent (VKD) carboxylase converts Glu's to carboxylated Glu's in VKD proteins to render them functional in a broad range of physiologies. The carboxylase uses vitamin K hydroquinone (KH(2)) epoxidation to drive Glu carboxylation, and one of its critical roles is to provide a catalytic base that deprotonates KH(2) to allow epoxidation. A long-standing model invoked Cys as the catalytic base but was ruled out by activity retention in a mutant where every Cys is substituted by Ala. Inhibitor analysis of the cysteine-less mutant suggested that the base is an activated amine [Rishavy et al. (2004) Proc. Natl. Acad. Sci. U.S.A. 101, 13732-13737], and in the present study, we used an evolutionary approach to identify candidate amines, which revealed His160, His287, His381, and Lys218. When mutational analysis was performed using an expression system lacking endogenous carboxylase, the His to Ala mutants all showed full epoxidase activity but K218A activity was not detectable. The addition of exogenous amines restored K218A activity while having little effect on wild type carboxylase, and pH studies indicated that rescue was dependent upon the basic form of the amine. Importantly, Brønsted analysis that measured the effect of amines with different pK(a) values showed that K218A activity rescue depended upon the basicity of the amine. The combined results provide strong evidence that Lys218 is the essential base that deprotonates KH(2) to initiate the reaction. The identification of this base is an important advance in defining the carboxylase active site and has implications regarding carboxylase membrane topology and the feedback mechanism by which the Glu substrate regulates KH(2) oxygenation.